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A micromechanics model has been constructed to study the mechanical behavior of 
spray-on foam insulation (SOFI) for the external tank. The model was constructed using 
finite elements representing the fundamental repeating unit of the SOFI microstructure. 
The details of the micromechanics model were based on cell observations and measured 
average cell dimensions discerned from photomicrographs. The unit cell model is an 
elongated Kelvin model (fourteen-sided polyhedron with 8 hexagonal and six 
quadrilateral faces), which will pack to a 100% density. The cell faces and cell edges are 
modeled using three-dimensional 20-node brick elements. Only one-eighth of the cell is 
modeled due to symmetry. 

By exercising the model and correlating the results with the macro-mechanical foam 
behavior obtained through material characterization testing, the intrinsic stiffness and 
Poisson’s Ratio of the polymeric cell walls and edges are determined as a function of 
temperature. The model is then exercised to study the unique and complex temperature- 
dependent mechanical behavior as well as the fracture initiation and propagation at the 
microscopic unit cell level. 
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Classical Three-Dimensional Polyhedral Cells 
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Rhombic dodecahedron Pentagonal Dodecahedron Tetrakaidecahedron Icosahedron 

12 faces, 24 edges 12 faces, 30 edges 14 faces, 36 edges 20 faces, 30 edges 

Packs to fill volume s/ Packs to fill volume \/ 
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• Average measured # of faces =12.4 

• Observed elongated cell structure 
Cells consist of thick edges and thin faces 



Assumed Elongated Tetrakaidechahedron 

BX-265 
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Finite Element Mesh for 1/8 th Symmetry 
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Finite Element Mesh for 1 /8 th Symmetry 
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Maximum Principal Stress for loading in the rise direction 

. BX-265 
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default_Fringe : 

Max 38.54 @Nd 14338 
Min .0207 @Nd 10835 

default_Deformation : 
Max 4.82-03 @Nd 11168 



Maximum Principal Stress for in-plane loading 

BX-265 
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Calibration of BX-265 Stress/Strain Curve 

BX-265 @ room temperature 
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Strain, mm/mm 

Experimental data courtesy of LMSSC External Tank Return to Flight, Fracture Toughness: Phase 2 (Kristin Morgan) 
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Effects of Solid Poisson’s’ Ratio on the Foam Stress/Strain Curve 

BX-265 @ room temperature 
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Experimental data courtesy of LMSSC External Tank Return to Flight, Fracture Toughness: Phase 2 (Kristin Morgan) 
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Experimental data courtesy of LMSSC External Tank Return to Flight, Fracture Toughness: Phase 2 (Kristin Morgan) 
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Experimental data courtesy of LMSSC External Tank Return to Flight, Fracture Toughness: Phase 2 (Kristin Morgan) 
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Experimental data courtesy of LMSSC External Tank Return to Flight, Fracture Toughness: Phase 2 (Kristin Morgan) 
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Experimental data courtesy of LMSSC External Tank Return to Flight, Fracture Toughness: Phase 2 (Kristin Morgan) 
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Rise at 1 -atm 

@ 0.42 MPa applied stress 



Maximum Principal Stress for loading in the rise direction 
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Substituting L 2 , L 4 , and the inclination angle into the previous equations for foam 
modulus and foam strengths and solving for the polymer (strut) modulus and polymer 
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Review the modeling of a unit cell in vacuum 


